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[0001] This application claims the benefit of the Korean Patent Application 
No. 10-2003-0029820 filed on May 12, 2003, which is hereby incorporated by 
reference for all purposes as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to drive circuits for display devices. 
More particularly, the present invention relates to a shift register for driving a liquid 
crystal display device. 

Description of the Related Art 

[0003] Generally, liquid crystal display (LCD) devices control light 
transmittance characteristics of liquid crystal material in accordance with applied 
electric fields and are used as displays for televisions and computers. Accordingly, 
LCD devices typically include an LCD panel having a plurality of liquid crystal cells 
arranged in a matrix pattern, and a drive circuit to drive the plurality of liquid crystal 
cells. 

[0004] The liquid crystal display panel generally includes a plurality of gate 
lines; a plurality of data lines crossing the plurality of gate lines, wherein the liquid 
crystal cells are arranged at crossings of the gate and data lines; pixel electrodes 
connected to respective ones of the data lines; and a common electrode, wherein pixel 
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electrodes and common electrode generate the electric field that controls the light 
transmittance characteristics of the liquid crystal material. Each liquid crystal cell 
includes a switching device such as a thin film transistor (TFT) having source and 
drain terminals that connect respective ones of the pixel electrode to corresponding 
data lines. Further, each TFT includes a gate terminal that is connected to a 
corresponding gate line. 

[0005] The drive circuit generally includes a gate driver for driving the gate 
lines and a data driver for driving the data lines. The gate driver sequentially applies 
scan signals to the plurality of gate lines to sequentially drive rows of liquid crystal 
cells. Whenever a scan signal is applied to a gate line, the data driver simultaneously 
applies video signals to each of the data lines. Accordingly, the video signals applied 
by the data driver selectively generate electric fields between each pixel electrode and 
the common electrode. By generating the electric fields, light transmittance 
characteristics of liquid crystal material within the liquid crystal cells are controlled to 
display images. 

[0006] Within the related art drive circuit, the gate driver uses a shift register to 
sequentially generate the scan signals while the data driver uses sampling signals 
generated by the shift register to sequentially sample externally inputted video signals. 
Generally, the gate driver, the data driver, and the shift register are formed out of 
polycrystalline silicon material and formed integrally onto the liquid crystal display 
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panel with the plurality of liquid crystal cells. 

[0007] Figure 1 schematically illustrates a related art shift register. Figure 2 
illustrates input/output waveforms of the related art shift register shown in Figure 1 . 

[0008] Referring to Figure 1, the shift register includes "n" number of stages 
ST1 to STn, wherein the stages are connected in cascade to the input line of a start 
pulse signal SP and to three of four clock signals CI to C4. Referring to Figure 2, 
the start pulse signal SP is applied during either each frame or each horizontal period 
in synchrony with the fourth clock signal C4. The phase of each of the first to fourth 
clock signals CI to C4 is sequentially delayed such the fourth clock signal C4 is 
applied first, followed by the first clock signal CI, followed by the second clock 
signal C2, followed by the third clock signal C3. 

[0009] As shown in Figures 1 and 2, the first stage ST1 outputs a first output 
signal SOI using three clock signals CI, C3, and C4 and the start pulse signal SP. 
Subsequently, the second to n th stages ST2 to STn output second to n th output signals 
S02 to SOn using various combinations of three of the four clock signals CI to C4 
and corresponding output signal SOI to SOn-1 of the previous stage. As a result, the 
first to n th stage ST1 to STn of the related art shift register output the first to n th output 
signals SOI to SOn, wherein the phase of the first to n m output signals SOI to SOn is 
sequentially shifted as shown in Figure 2. Accordingly, the first to n th output signals 
SOI to SOn are applied as scan signals to sequentially drive the gate lines of the 

- 4 - 

DC:50241725.1 



PATENT 
8733.946.00 



liquid crystal display panel. Moreover, the first to n th output signals SOI to SOn are 
provided as the sampling signals by which the data driver sequentially samples the 
externally inputted video signals. 

[0010] Figure 3 illustrates a circuit diagram of a first stage ST1 within the 
related art shift register shown in Figure 1 . 

[0011] Referring to Figure 3, the first stage ST1 includes a first controller 32 
for controlling a Q node in accordance with the start pulse signal SP and the fourth 
clock signal C4; a second controller 34 for controlling a QB node in accordance with 
the start pulse signal SP and the third clock signal C3; and an output buffer part 36 for 
selecting a first clock signal CI or a first supply voltage VSS in accordance with a 
voltage present at the Q and QB nodes. 

[0012] Accordingly, the first controller 32 includes a first PMOS transistor Tl 
connected in a diamond configuration to an input line of the start pulse signal SP; a 
second PMOS transistor T2 connected between the Q node, an input line of the fourth 
clock signal C4, and the first PMOS transistor Tl; a third PMOS transistor T3 
connected between the Q node, the QB node, and an input line of the first supply 
voltage VSS for controlling the Q node in conjunction with a seventh PMOS transistor 
T7. 

[0013] The second controller 34 includes a fourth PMOS transistor T4 
connected between an input line of a second supply voltage VDD, an input line of the 
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third clock signal C3, and the QB node; and a fifth PMOS transistor T5 connected 
between the fourth PMOS transistor T4, the input line of the start pulse signal SP, and 
the input line of the first supply voltage VSS. 

[0014] The output buffer part 36 includes a sixth PMOS transistor T6 for 
selecting the first clock signal CI in accordance with the voltage present at the Q node 
and for outputting the first clock signal CI as the first output signal SOI; and a 
seventh PMOS transistor T7 for selecting the first supply voltage VSS in accordance 
with the voltage present at the Q node and for outputting the first supply voltage VSS 
as the first output signal SOI . 

[0015] The first stage ST1 further includes a first capacitor CB connected 
between the gate and source terminals of the sixth PMOS transistor T6 (i.e., between 
the Q node and the output line to which the first output signal SOI is applied). 

[0016] Referring back to Figure 2, the start pulse signal SP and the first to 
fourth clock signals CI to C4 are provided as negative voltages with swing voltage 
between 10V and 25V when they are applied to the shift register, wherein a voltage of 
17V represents a low state and a voltage of -8V represents a high state. The first 
supply voltage VSS applies the low state voltage of 17V to the first stage ST1 while 
the second supply voltage VDD applies the high state voltage of -8V. 

[0017] Referring now to Figures 2 and 3, during a first period of time, tl, the 
start pulse signal SP and the fourth clock signal C4 are simultaneously provided in the 
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high state. Accordingly, the first and second PMOS transistors Tl and T2 are turned 
on to transmit a high state voltage to the Q node. As a result, the sixth PMOS 
transistor T6, having its gate terminal connected to the Q node, is slowly turned on. 
Also during the first period of time, tl, the start pulse signal SP turns the fifth PMOS 
transistor T5 on, wherein the turned-on fifth PMOS transistor T5 transmits the first 
supply voltage VSS (i.e., the low state voltage) to the QB node. Accordingly, the 
third and seventh PMOS transistors T3 and T7, having their gate terminals connected 
to the QB node, are turned off. As a result, the first clock signal CI, provided in the 
low state and having a voltage of 17V, is outputted as the first output signal SOI of 
the first stage ST1 via the turned-on sixth PMOS transistor T6. 

[0018] During a second period of time, t2, the start pulse signal SP and the 
fourth clock signal C4 are simultaneously provided in a low state while the first clock 
signal CI is provided in a high state. Accordingly, the first and second PMOS 
transistors Tl and T2 are turned off and the sixth transistor T6 is completely turned on. 
More specifically, the first capacitor CB and an internal parasitic capacitor Cgs (not 
shown), defined between a gate and a source terminal of the sixth PMOS transistor T6, 
induce a bootstrapping phenomenon at the Q node, wherein the Q node is placed in a 
floating state by the high state voltage of the first clock signal CI. Accordingly, a 
voltage value present at the floating Q node is higher than the high state of -8V. 
Since the sixth PMOS transistor T6 is completely turned on, the high state voltage of 
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the first clock signal CI (i.e., -8V) is charged to the output line of the stage STL 
Accordingly, the output line of the first stage ST1 outputs an output signal SOI 
representing a high state. 

[0019] During a third period of time, t3, the first clock signal CI is provided in 
the low state while the second clock signal C2 is provided in the high state. 
Accordingly, the voltage value present at the floating Q node is lowered back to the 
high state and the sixth PMOS transistor T6 is maintained in its turned-on state. As a 
result, the low state voltage (i.e., 17V) of the first clock signal CI is outputted as the 
output signal SOI via the turned-on sixth PMOS transistor T6. 

[0020] During a fourth period of time, t4, the third clock signal C3 is provided 
in the high state to turn the fourth PMOS transistor T4 on, thereby applying the 
second supply voltage VDD (i.e., the high state voltage of -8V) to the QB node. 
Accordingly, the third and seventh PMOS transistors T3 and T7 are simultaneously 
turned on. Subsequently, the low state first supply voltage VSS is applied to the Q 
node via the turned-on third PMOS transistor T3, thereby turning the sixth PMOS 
transistor T6 off. As a result, the low state first supply voltage VSS is outputted as 
the output signal SOI of the first stage ST1 via the turned-on seventh PMOS transistor 
T7. 

[0021] During a fifth period of time, t5, only the fourth clock signal C4 is 
provided in the high state, wherein the second transistor T2 is turned on while the first, 
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fourth, and fifth PMOS transistors Tl, T4, and T5 remain turned off. Accordingly, 
the voltage present at the QB node is maintained in the high state. As a result, the 
third and seventh PMOS transistors T3 and T7 remain in their turned-on states to 
output a low state voltage as the output signal SOI of the first stage ST1. 

[0022] As shown above, via the start pulse signal SP and three of four clock 
signals, the output signal SOI of the related art first stage ST1 has an ideal swing 
voltage between 10V and 25V. However, if a threshold voltage Vth of the first and 
seventh PMOS transistors Tl to T7 is excessively low, a leakage current may be 
generated, causing distortion of the output signal SOI. 

[0023] More specifically, and with reference to Figure 4, if the threshold 
voltage Vth of the first and seventh PMOS transistors Tl to T7 is excessively low, a 
leakage current is generated during the second period of time, t2, when the voltage 
value at the Q node is higher than the high state voltage of -8V More specifically, 
leakage current is transmitted along a first leakage current path LCP1, through the 
fourth PMOS transistor T4, and along second leakage current path LCP2, through the 
third PMOS transistor T3. During the second period of time, t2, the low state 
voltage present at the QB node is meant to prevent the voltage of the Q node from 
being altered. However, due to the presence of the first leakage current path LCP1, 
the voltage present at the QB node deteriorates from the low state (17V) to the high 
state (-8V). Furhter, the third PMOS transistor T3 is turned on slightly, and the 
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leakage current transmitted along the second leakage current path LCP2 is increased. 
Accordingly, the voltage present at the Q node deteriorates from a voltage higher than 
the high state to the low state voltage due to the presence of the second leakage 
current path LCP2. When the voltage present at the Q node changes, the conductive 
path between the drain and source electrodes of the sixth PMOS transistor T6 
becomes restrained and the voltage value of the high state output signal SOI, 
outputted by the sixth PMOS transistor T6, deteriorates from -8V to a lower state 
value of -7.5V (as shown in Figure 5). 

[0024] As mentioned above, the output signal SOI of the related art first stage 
ST1 is used as start pulse signal of the next stage, ST2. Moreover, the second to n th 
stages ST2 to STn are constructed similarly as described above with respect to Figures 
3 and 4. Accordingly, as the output signal SOI is propagated through the plurality of 
cascade connections as start pulse signals SP of succeeding stages, the distortion 
contained therein increases the leakage current within subsequent stages, thereby 
deteriorating the reliability of the shift register. 

SUMMARY OF THE INVENTION 
[0025] Accordingly, the present invention is directed to a shift register 
capable of preventing an output signal from becoming distorted due to generation of a 
leakage current, that substantially obviates one or more of the problems due to 
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limitations and disadvantages of the related art. 

[0026] Additional features and advantages of the invention will be set forth in 
the description which follows, and in part will be apparent from the description, or 
may be learned by practice of the invention. These and other advantages of the 
invention will be realized and attained by the structure particularly pointed out in the 
written description and claims hereof as well as the appended drawings. 

[0027] To achieve these and other advantages and in accordance with the 
purpose of the present invention, as embodied and broadly described, a shift register 
may, for example, include stages for shifting an input signal in accordance with 
phase-delayed control signals, a first supply voltage, and a second supply voltage, and 
for applying the shifted input signals as output signals and as input signals of 
succeeding ones of stages, wherein each of the stages may, for example, include a first 
controller for selectively applying an input signal and a first supply voltage to a first 
node arranged between first to third transistors that form a conductive path between a 
supply line of the input signal and an input line of the first supply voltage; a second 
controller for selectively applying the first supply voltage and the second supply 
voltage to a second node arranged between fourth and fifth transistors forming a 
conductive path between an input line of the second supply voltage and the input line 
of the first supply voltage; and an output buffer for selectively applying a 
predetermined control signal and the first supply voltage as an output signal to an 
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output line of the stage between sixth and seventh transistors forming a conductive 
path between the input line of the first supply voltage and an input line of the 
predetermined control signal, wherein the fifth transistor of the second controller may 
be turned on to sustain a voltage present at the second node equal to the first supply 
voltage when the fourth transistor is turned off. 

[0028] In one aspect of the present invention, the first and second transistors 
may, for example, include first and second conductive paths, respectively, arranged 
between the supply line of the input signal and the first node and first and second 
control electrodes, respectively, for controlling the conductive path in accordance with 
the input signal and a first control signal; and the third transistor may, for example, 
include a third conductive path arranged between the first node and the input line of 
the first supply voltage and a third control electrode for controlling the conductive 
path in accordance with a voltage present at the second node. 

[0029] In another aspect of the present invention, the fourth transistor may, 
for example, include a fourth conductive path arranged between the input line of the 
second supply voltage and the second node and a fourth control electrode for 
controlling the fourth conductive path in accordance with a second control signal; and 
the fifth transistor may, for example, include a fifth conductive path arranged between 
the second node and the input line of the first supply voltage and a fifth control 
electrode for controlling the fifth conductive path in accordance with a voltage of a 
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third node arranged between the first and second transistors. 

[0030] In still another aspect of the present invention, each stage may further 
include an eighth transistor for turning the fifth transistor off when the fourth 
transistor is turned on. 

[0031] In yet another aspect of the present invention, the eighth transistor may, 
for example, include an eighth conductive path arranged between the fifth control 
electrode of the fifth transistor and the input line of the first supply voltage and an 
eighth control electrode for controlling the eighth conductive path in accordance with 
the second control signal. 

[0032] In still a further aspect of the present invention, the sixth transistor 
may, for example, include a sixth conductive path arranged between an input line of a 
third control signal and an output line of the stage and a sixth control electrode for 
controlling the sixth conductive path in accordance with the voltage of the first node; 
and the seventh transistor may, for example, include a seventh conductive path 
arranged between the output line of the stage and the input line of the first supply 
voltage and a seventh control electrode for controlling the seventh conductive path in 
accordance with the voltage of the second node. 

[0033] In yet a further aspect of the present invention, a capacitor for 
bootstrapping the voltage of the sixth control electrode may be provided, wherein the 
capacitor may be connected between the sixth control electrode and the output line of 
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the stage. 

[0034] In still a further aspect of the present invention, the third transistor 
may, for example, include a dual gate transistor having control electrodes commonly 
connected to the second node. 

[0035] In yet another aspect of the present invention, the fifth transistor may, 
for example, includes a dual gate transistor having control electrodes commonly 
connected to the third node. 

[0036] In still another aspect of the present invention, transistors within each 
stage may have the same channel type. 

[0037] In another aspect of the present invention, transistors within each stage 
are PMOS transistors. 

[0038] In one aspect of the present invention, the second supply voltage may 
be higher than the first supply voltage. 

[0039] In another aspect of the present invention, the first supply voltage may 
be a negative voltage. 

[0040] In still another aspect of the present invention, the first to third control 
signals may include three clock signals selected from first to fourth clock signals, 
wherein each of the four clock signals have different phases from each other and have 
a predetermined voltage state within a predetermined period of time. 

[0041] In yet another aspect of the present invention, the phase of the third 
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control signal may be delayed with respect to the phase of the first control signal by 
one clock and the phase of the second control signal may be delayed with respect to 
the phase of the third control signal by two clocks. 

[0042] In still another aspect of the present invention, a phase of a portion of 
the input signal may be the same as the phase of the first control signal. 

[0043] In yet a further aspect of the present invention, the shift register may 
be used with at least one of a scan driver for driving scan lines of a display device and 
a data driver for driving data lines of the display device. 

[0044] It is to be understood that both the foregoing general description and 
the following detailed description are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. 

[0046] In the drawings: 

[0047] Figure 1 schematically illustrates a related art shift register; 

[0048] Figure 2 illustrates input/output waveforms of the related art shift 
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register shown in Figure 1 ; 

[0049] Figure 3 illustrates a circuit diagram of a first stage ST1 within the 
related art shift register shown in Figure 1 ; 

[0050] Figure 4 illustrates leakage paths within the stage shown in Figure 3; 

[0051] Figure 5 illustrates a waveform diagram of distortion in an output 
signal caused by the leakage current within the stage shown in Figure 3; 

[0052] Figure 6 illustrates a circuit diagram of a stage in a shift register 
according to a first embodiment of the present invention; 

[0053] Figure 7 illustrates input/output waveforms of the stage shown in 
Figure 6; 

[0054] Figure 8 illustrates a current path during a fourth period of time, t4, 
within the stage shown in Figure 6; 

[0055] Figure 9 illustrates waveform diagrams of each node within the stage 
shown in Figure 8; 

[0056] Figure 10 illustrates a circuit diagram of a stage in a shift register 
according to a second embodiment of the present invention; 

[0057] Figure 1 1 illustrates a current path during a fourth period of time, t4 ? 
within the stage shown in Figure 10; and 

[0058] Figure 12 illustrates waveform diagrams of each node within the stage 
shown in Figure 1 1 . 
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

[0059] Reference will now be made in detail to embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. 

[0060] According to principles of the present invention, a shift register may 
comprise a plurality of stages connected in cascade to each other. The first of the 
plurality of stages may be connected to an input line of a start pulse signal SP while 
output signals of preceding ones of the plurality of stages may by applied as input start 
pulse signals of succeeding ones of the stages. 

[0061] Figure 6 illustrates a circuit diagram of a stage in a shift register 
according to a first embodiment of the present invention. Figure 7 illustrates 
input/output waveforms of the stage shown in Figure 6. 

[0062] Referring to Figure 6, a stage ST within a shift register according to a 
first embodiment of the present invention may, for example, include a first controller 
42 for controlling a Q node in accordance with a start pulse signal SP and a fourth 
clock signal C4; a second controller 44 for controlling a QB node in accordance with a 
third clock signal C3 and the start pulse signal SP; and an output buffer 46 for 
selecting one of a first clock signal CI or a first supply voltage VSS in accordance 
with a voltage present at the Q and QB nodes and for outputting the selected one of 
the first clock signal CI and the first supply voltage VSS. 
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[0063] According to principles of the present invention, the first to seventh 
transistors Tl to T7 of the stage ST may be provided as PMOS or NMOS transistors. 
For the sake of convenience, however, description of the shift register of the present 
invention will be made wherein the first to seventh transistors are provided as PMOS 
transistors. 

[0064] In one aspect of the present invention, the first controller 42 may, for 
example, include a first PMOS transistor Tl connected in a diamond configuration to 
an input line of the start pulse signal SP and a P node; a second PMOS transistor T2 
connected between the P node, an input line of the fourth clock signal C4 and the Q 
node; A and B ones of third PMOS transistors T3 A and T3B connected between the Q 
node, the QB node, and an input line of the first supply voltage VSS for controlling 
the voltage present at the Q node in conjunction with a seventh PMOS transistor T7. 
According to principles of the present invention, A and B ones of the third PMOS 
transistors T3A and T3B may have a dual gate structure having an overall threshold 
voltage Vth increased with respect to a corresponding PMOS transistor having a 
single gate structure to minimize a leakage current. 

[0065] The second controller 44 may, for example, include a fourth PMOS 
transistor T4 connected between an input line of a second supply voltage VDD, an 
input line of the third clock signal C3, and the QB node; and A and B ones of fifth 
PMOS transistors T5A and T5B connected between the fourth PMOS transistor T4, 
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the P node, and the input line of the first supply voltage VSS. According to 
principles of the present invention, A and B fifth PMOS transistors T5 A and T5B may 
have a dual gate structure having an overall threshold voltage Vth increased with 
respect to a corresponding PMOS transistor having a single gate structure to minimize 
a leakage current. 

[0066] The output buffer part 46 may, for example, include a sixth PMOS 
transistor T6 connected between an input line of the first clock signal CI, the Q node, 
and an output line for selecting the first clock signal CI in accordance with the voltage 
present at the Q node and for applying the selected clock signal as an output signal 
SO; and a seventh PMOS transistor T7 connected between the input line of the first 
supply voltage VSS, the CQ node, and the output line for selecting the first supply 
voltage VSS in accordance with the voltage present at the Q node and for applying the 
selected voltage as an output signal SO. 

[0067] The stage ST may further include a first capacitor CB connected 
between the gate and source terminal of the sixth PMOS transistor T6 (i.e., between 
the Q node and the output line to which the output signal SO is applied); a second 
capacitor CQ connected between the Q node and the input line of the first supply 
voltage VSS; and a third capacitor CQB connected between the gate and source 
terminals of the seventh PMOS transistor T7 (i.e., between the QB node and the input 
line of the first supply voltage VSS). According to principles of the present 
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invention, the first capacitor CB may induce a bootstrap phenomenon at the Q node, 
wherein the voltage present at the Q node rises during a predetermined period of time 
and wherein the second and third capacitors CQ and CQB, the noise component of the 
Q node and the QB node, are bypassed. 

[0068] Referring to Figures 6 and 7, the stage ST may, for example, receive 
predetermined ones of the first to fourth clock signals CI to C4 (e.g., first, third, and 
fourth clock signals CI, C3, and C4) as control signals. The phase of each of the 
first to fourth clock signals CI to C4 may be sequentially delayed such the fourth 
clock signal C4 is applied first, followed by the first clock signal CI, followed by the 
second clock signal C2, followed by the third clock signal C3. 

[0069] Referring to Figure 7, the start pulse signal SP and the first to fourth 
clock signals CI to C4 are provided as negative voltages with a swing voltage of at 
least about 10V (e.g., about 25V), wherein a voltage of about 17V represents a low 
state and a voltage of about — 8V represents a high state. The first supply voltage 
VSS may apply the low state voltage of about 17V to the stage ST while and the 
second supply voltage VDD may apply the high state voltage of about -8 V. 

[0070] Referring now to Figures 6 and 7, during a first period of time, tl, the 
start pulse signal SP and the fourth clock signal C4 may be simultaneously provided in 
the high state. Accordingly, the first and second PMOS transistors Tl and T2 may 
be turned on to transmit a high state voltage to the Q node, thereby providing the Q 
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node in a first high state HI. As a result, the sixth PMOS transistor T6, having its 
gate terminal connected to the Q node, is slowly turned on and the high state voltage 
is present at the P node, arranged between the turned-on first and second PMOS 
transistors Tl and T2. Also during the first period of time, tl, the start pulse signal 
SP representing the high state turns the fifth PMOS transistor T5 on, wherein the 
turned-on fifth PMOS transistor T5 transmits the first supply voltage VSS (i.e., the 
low state voltage) to the QB node. Accordingly, the third A and B PMOS transistors 
T3A and T3B, and the seventh PMOS transistor T7, having their respective gate 
terminals connected to the QB node, are turned off. As a result, the first clock signal 
CI having the low state voltage of about 17V is outputted as the output signal SOI of 
the stage ST via the turned-on sixth PMOS transistor T6. 

[0071] During a second period of time, t2, the start pulse signal SP and the 
fourth clock signal C4 are simultaneously provided in the low state while the first 
clock signal CI is provided in the high state. Accordingly, the first and second 
PMOS transistors Tl and T2 are turned off and the sixth PMOS transistor T6 is 
completely turned on. More specifically, the first capacitor CB and an internal 
parasitic capacitor Cgs (not shown), defined between a gate and source terminal of the 
sixth PMOS transistor T6, induce a bootstrapping phenomenon at the Q node, wherein 
the Q node is placed in a floating state having a voltage corresponding to a second 
high state, higher than the first high state voltage, upon application of the high state 
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voltage of the first clock signal CI. Since the sixth PMOS transistor T6 is 
completely turned on, the high state voltage of the first clock signal CI (i.e., about 
-8V) is charged to the output line of the stage ST. Accordingly, the output line of the 
stage ST outputs an output signal SOI representing the high state. 

[0072] Still during the second period of time, t2, the turned-off first and second 
PMOS transistors Tl and T2 induce the P node into a floating state such that the high 
state voltage is sustained at the P node. Moreover, the A and B fifth PMOS 
transistors T5A and T5B remained turned on because their respective gate terminals 
are connected to the P node. Accordingly, the low state first supply voltage VSS 
may be sustained at the QB node even though a leakage current is present at the fourth 
PMOS transistor T4. As a result, deterioration of the high state output signal SO 
may be prevented due to the leakage current present at the fourth PMOS transistor T4. 

[0073] During a third period of time, t3, the first clock signal CI may be 
provided in the low state while the second clock signal C2 may be provided in the 
high state. Accordingly, the voltage value present at the floating Q node is lowered 
back from the second high state to the first high state and the sixth PMOS transistor 
T6 is maintained in its turned-on state. As a result, the low state voltage (i.e., about 
17V) of the first clock signal CI may be outputted as the output signal SO via the 
turned-on sixth PMOS transistor T6. 

[0074] Still during the third period of time, t3, the floating P node, having the 
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high state voltage, maintains the A and B fifth PMOS transistors T5 A and T5B in their 
turned-on states, thereby allowing the low state first supply voltage VSS to be 
maintained at the QB node. 

[0075] During the fourth period of time, t4, the third clock signal C3 may be 
provided in the high state to turn the fourth PMOS transistor T4 on, thereby applying 
the high state second supply voltage VDD of about -8V to the QB node. 
Accordingly, the third and seventh PMOS transistors T3 and T7 may be 
simultaneously turned on. Subsequently, the low state first supply voltage VSS is 
applied to the Q node via the turned-on third PMOS transistor T3, thereby turning the 
sixth PMOS transistor T6 off. As a result, the low state first supply voltage VSS 
may be outputted as the output signal SO of the stage ST via the turned-on seventh 
PMOS transistor T7. 

[0076] During a fifth period of time, t5, only the fourth clock signal C4 is 
provided in the high state, wherein the second transistor T2 may be turned on and the 
first, fourth, and A and B fifth PMOS transistors Tl, T4, T5A, and T5B may remain in 
their turned-off states. Accordingly, the voltage present at the floating QB node is 
maintained in the high state. As a result, the third and seventh PMOS transistors T3 
and T7, remain in their turned-on states to output a low state voltage as the output 
signal SO of the stage ST. 

[0077] As described above, stages within the shift register according to the 
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first embodiment of the present invention may connect gate terminals of A and B fifth 
PMOS transistors T5A and T5B to the P node, arranged between the first and second 
PMOS transistors Tl and T2, to prevent a voltage present at the QB node from 
deteriorating due to a leakage current at the fourth PMOS transistor T4. Accordingly, 
the voltage present at the Q node does not change due to a deterioration of the voltage 
of the QB node, thereby preventing the high state voltage of the output signal SO, 
applied to the output line of the stage via the sixth PMOS transistor T6, from 
becoming deteriorated. Further, the turned-on A and B fifth PMOS transistors T5A 
and T5B may minimize the extent to which the low state of the output signal SO 
changes during the fourth period of time, t4, when the third clock signal C3 is 
provided in the high state. 

[0078] Referring now to Figure 8, during the fourth period of time, t4, when 
the third clock signal C3 is provided in the high state, the fourth PMOS transistor T4 
is turned on and applies the high state second supply voltage VDD to the QB node, 
thereby turning on the A and B ones of the third PMOS transistors T3A and T3B and 
the seventh PMOS transistor T7. 

[0079] Referring to Figures 8 and 9, the high state voltage present at the P 
node during the first through third periods of time, tl to t3, maintains the A and B fifth 
PMOS transistors T5A and T5B in turned-on states. Accordingly, the high state 
second supply voltage VDD is applied to the output line of the stage via the current 
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path CP provided through the turned-on fourth, fifth A and B, and seventh PMOS 
transistors T4, T5A, T5B and T7. As a result, the output signal SO deleteriously 
deteriorates slightly toward the high state during the fourth period of time, t4, as 
shown in region "A" of Figure 9. Optimally, however, the output signal SO should 
be maintained in the low state during the fourth period of time, t4. 

[0080] To prevent the aforementioned slight deterioration of the low state 
voltage value of the output signal SO, a shift register according to a second 
embodiment of the present invention may further include an eighth PMOS transistor 
T8 as shown in Figure 10. 

[0081] Figure 10 illustrates a circuit diagram of a stage in a shift register 
according to a second embodiment of the present invention. 

[0082] Referring to Figure 10, a stage ST within a shift register according to a 
second embodiment of the present invention may be provided substantially as the 
stage within the shift register according to the first embodiment of the present 
invention and may further include an eighth PMOS transistor T8 connected between 
the gate terminals of the A and B fifth PMOS transistors T5A and T5B, the input line 
of the third clock signal C3, and the input line of the first supply voltage VSS. 

[0083] According to principles of the present invention, the eighth PMOS 
transistor T8 may ensure that the A and B fifth PMOS transistors T5A and T5B are 
turned off during the fourth period of time, t4, when the third clock signal C3 is 
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provided in the high state. For example, the high state third clock signal C3 turns the 
eighth PMOS transistor T8 such that low state first supply voltage VSS is applied to 
the gate terminals of the A and B fifth PMOS transistors T5A and T5B. 

[0084] Referring to Figure 1 1 , during the fourth period of time, t4, the third 
clock signal C3 is provided in the high state and the high state second supply voltage 
VDD present at the QB node turns the third A and B and seventh PMOS transistors 
T3A, T3B and T7 on even though the fourth PMOS transistor T4 is turned on. The A 
and B fifth PMOS transistors T5A and T5B are turned off by the low state first supply 
voltage VSS in accordance with a voltage from the eighth PMOS transistor T8, which 
is turned on by the high state third clock signal C3. Accordingly, the current path CP, 
previously arranged through the turned-on fourth, fifth A and B, and seventh PMOS 
transistors T4, T5A, T5B and T7 as shown in Figure 8, is arranged only through the 
turned-on fourth PMOS transistor T4, as shown in Figure 1 1 due to the turned-of A 
and B fifth PMOS transistors T5A and T5B. Accordingly, the high state second 
supply voltage VDD may be prevented from flowing into the stage via the current 
path CP and the output signal SO of the stage can be maintained in the low state 
during the fourth period of time, t4, when the third clock signal C3 is provided in the 
high state (as shown in region B of Figure 12). 

[0085] The shift register according to the present invention is used for a scan 
driver to drive scan lines of a display device and a data driver to drive data lines 
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[0086] As described above, stages within the shift register according to the 
second embodiment of the present invention may connect gate terminals of A and B 
fifth transistors T5A and T5B to the node P, arranged between the first and second 
transistors Tl and T2, to prevent high state output signals from deteriorating due to a 
leakage current at the fourth PMOS transistor T4. Further, the A and B fifth 
transistors T5A and T5B may be turned off by of the eighth transistor T8 during the 
periods of time when the fourth transistor T4 is turned on, thereby preventing low 
state output signals from deteriorating due to presence of the A and B fifth transistors 
T5A and T5B. 

[0087] As described above, the shift register of the present invention may 
include stages capable of preventing output signals from deteriorating, thereby 
increasing reliability of the shift register. 

[0088] It will be apparent to those skilled in the art that various modifications 
and variation can be made in the present invention without departing from the spirit or 
scope of the invention. Thus, it is intended that the present invention cover the 
modifications and variations of this invention provided they come within the scope of 
the appended claims and their equivalents. 
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